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ABSTRACT 
The s t u d y c o v e r s s e v e r a l f a c e t s o f t h e e c o l o g y of t h e 
E i d e r d u c k s of t h e Northumberland c o a s t between Hadston 
C a r r s and C r a s t e r between 9 May and 1 August 1990. S p e c i a l 
a t t e n t i o n was g i v e n t o t h e b r e e d i n g s u c c e s s of t h e Coquet 
i s l a n d p o p u l a t i o n . 
N e s t i n g s u c c e s s i s h i g h , i n e x c e s s of 90%, however 
f l e d g i n g s u c c e s s i s low (<6%) due t o h i g h d u c k l i n g 
m o r t a l i t y . S t a r v a t i o n and l a r g e g u l l p r e d a t i o n a r e b e l i e v e d 
t o be t h e media r e s p o n s i b l e . 
The uneven d i s t r i b u t i o n of d u c k l i n g s a l o n g t h e c o a s t i s 
due t o d i f f e r i n g food a v a i l a b i l t y and t h e a b i l i t y of 
d u c k l i n g s t o t a k e d i f f e r e n t s i z e d p r e y i t e m s a s t h e y mature. 
I t was found t h a t both d u c k l i n g group s i z e and t h e 
number o f d u c k l i n g s p e r a t t e n d a n t female f e l l a s t h e 
d u c k l i n g s aged, r e f l e c t i n g t h e o v e r - r i d i n g i m p o r t a n c e o f 
d u c k l i n g m o r t a l i t y i n d e t e r m i n i n g t h e s e s t a t i s t i c s . 
S i g n i f i c a n t r e l a t i o n s h i p s were a l s o found between d u c k l i n g 
a c t i v i t y and d u c k l i n g age; d u c k l i n g a c t i v i t y and s e a s u r f a c e 
r o u g h n e s s ; and d u c k l i n g a c t i v i t y and t i m e r e l a t i v e t o low 
t i d e . 
A d u l t b i r d s a r e shown t o have a f e e d i n g p a t t e r n 
d e t e r m i n e d by t h e t i d a l c y c l e ( f e e d i n g was not r e l a t e d t o 
t h e t i m e o f d a y ) . 
The s p a t i a l v a r i a t i o n i n a d u l t b i r d numbers r e f l e c t s 
d i f f e r i n g d i s t a n c e from t h e Coquet I s l a n d b r e e d i n g c e n t r e 
and t h e r e l a t i v e a v a i l a b i l i t y of s u i t a b l e f e e d i n g h a b i t a t . 
I t i s c o n c l u d e d t h a t the a d u l t b i r d s a t t e n d i n g young i n 
11 
Amble h a r b o u r a r e i n a s u b - o p t i m a l f e e d i n g e n v i r o n m e n t . 
F l u c t u a t i o n s i n o v e r a l l p o p u l a t i o n and s e x r a t i o i n t he 
s t u d y a r e a , a r e due p r i m a r i l y t o t h e f e m a l e ' s r o l e as egg 
i n c u b a t o r . The d i f f e r e n c e s i n t h e p a t t e r n o f f l u c t u a t i o n 
b etween t h e n o r t h e r n and s o u t h e r n h a l v e s o f t h e s t u d y a r e a 
a r e a r e f l e c t i o n o f d i s t a n c e from t h e b r e e d i n g c e n t r e on 
Coquet I s l a n d . 
An o v e r a l l , n o n - b r e e d i n g s e a s o n , sex r a t i o o f 1.17 was 
f o u n d . 
INTRODUCTION 
The E i d e r ( S o m a t e r i a mollissima) i s a w h o l l y 
c o a s t a l and m a r i n e s p e c i e s b r e e d i n g i n White Sea, B a l t i c and 
A t l a n t i c w a t e r s e x t e n d i n g s o u t h t o B r i t t a n y i n F r a n c e . The 
s p e c i e s i s l a r g e l y s e d e n t a r y i n B r i t a i n w i t h movements over 
200km b e i n g r a r e (Cramp et al., 1 9 7 7 ) . 
F e e d i n g l a r g e l y on m o l l u s c s , s u c h a s t h e 
M u s s e l ( M y t i l u s e d u l i s ) and t o a l e s s e r e x t e n t c r u s t a c e a n s , 
e c h i n o d e r m s and f l a t f i s h , t h e E i d e r e n j o y e d i t s major phase 
o f e x p a n s i o n i n t h e B r i t i s h I s l e s t o w a r d s t h e end of t h e 
1 9 t h c e n t u r y a s i t began t o b e n e f i t from p r o t e c t e d s t a t u s 
(Cramp et al., 1 9 7 7 ) . 
The s p e c i e s shows marked s e x u a l dimorphism, t h e 
male i n b r e e d i n g plumage b e i n g an u n m i s t a k a b l e patchwork of 
b l a c k and w h i t e m a r k i n g s , t h e female a u n i f o r m brown. 
The e n t i t l e d a s p e c t s of E i d e r duck e c o l o g y have 
been s t u d i e d i n t h e p a s t . F o r i n s t a n c e Goudie and Ankney's 
(1988) s t u d y o f h a b i t a t u s e by s e a d u c k s w i n t e r i n g i n 
S.E.Newfoundland a n a l y s e d s h o r e l i n e s u b s t r a t e p r e f e r e n c e s ; 
and Minot (1980) s t u d i e d b o t h t h i s , and how t i d e and t i m e of 
day a f f e c t e d E i d e r a c t i v i t y , i n p a r t i c u l a r f e e d i n g 
b e h a v i o u r . 
However i t i s d u c k l i n g s u r v i v a l t h a t h a s been t h e 
s u b j e c t of g r e a t e s t a t t e n t i o n , f o r i n s t a n c e Munro and Bedard 
( 1 9 7 7 ) , M e n d e n h a l l ( 1 9 7 9 ) , Cooke ( 1 9 8 2 ) , Swennen (1983 & 
1989) and M e n d e n h a l l and M i l n e (1985) a l l c o n s i d e r e d v a r i o u s 
a s p e c t s of d u c k l i n g s u r v i v a l . 
C l e a r l y a s i n g l e s e a s o n s t u d y c a n n o t hope t o c o v e r 
a l l t h e s e a r e a s i n g r e a t d e t a i l , ^ ^ ^ ^ t by s t u d y i n g a d i f f e r e n t 
E i d e r p o p u l a t i o n i n d i f f e r e n t e n v i r o n m e n t a l c o n d i t i o n s i t 
may be p o s s i b l e t o g i v e some i n d i c a t i o n a s t o t h e g e n e r a l 
a p p l i c a b i l i t y o f t h e above r e s e a r c h e r s ' c o n c l u s i o n s . 
The s t u d y i t s e l f was c e n t r e d a t Amble on t h e 
N o r t h u m b e r l a n d c o a s t and u s e d b r e e d i n g a s s o c i a t e d w i t h 
Coquet I s l a n d . The r e s e a r c h i n i t s e n t i r e t y was c a r r i e d out 
between Hadston C a r r s (GR 284009) and C r a s t e r (GR 259 1 9 9 ) . 
More s p e c i f i c a l l y t h e d a t a r e g a r d i n g t h e t i m i n g of a d u l t 
f e e d i n g were c o l l e c t e d from t h e c o a s t g u a r d l o o k - o u t p o i n t 
(GR 286003) t o t h e s o u t h o f Amble. T h i s p o i n t was s e l e c t e d 
f o r i t s c o n v e n i e n c e r e l a t i v e t o where t h e a u t h o r was l i v i n g , 
and f o r i t s r e m o t e n e s s from t h e e n v i r o n s o f Amble harbour 
and Amble sewage o u t f a l l , two p o t e n t i a l l y s t r o n g s o u r c e s of 
a n t h r o p o g e n i c i n t e r f e r e n c e w i t h t h e E i d e r s ' normal a c t i v i t y 
r h y t h m s . 
The s t u d y c o v e r s t h r e e main f a c e t s of E i d e r duck 
e c o l o g y : 
1) The d i s t r i b u t i o n o f a d u l t E i d e r s and d u c k l i n g s . 
2) The n a t u r e o f d u c k l i n g m o r t a l i t y . 
3) The t i m i n g o f a d u l t f e e d i n g ( d i u r n a l & t i d a l ) . 
However a t t e n t i o n w i l l a l s o be g i v e n t o some more 
d e t a i l e d a s p e c t s o f , i n p a r t i c u l a r , t h e d u c k l i n g s ' e c o l o g y . 
Namely, t h e i r p r e f e r r e d f e e d i n g s u b s t r a t e ; how t h e i r time 
budget a l t e r s a s t h e y mature; how, i f a t a l l , t h e i r a c t i v i t y 
v a r i e s w i t h t h e s t a g e o f t h e t i d a l c y c l e or t h e roughness of 
t h e s e a s u r f a c e ; and, i n r e l a t i o n t o d u c k l i n g group s i z e , 
d oes i t a l t e r w i t h age and a r e t h e r e r e l a t i v e l y more or 
f e w e r d u c k l i n g s p e r a t t e n d a n t f e m a l e a s t h e d u c k l i n g s 
m a t u r e . 
The f l u c t u a t i o n s i n t h e a d u l t p o p u l a t i o n and t h e 
s e x r a t i o t h e r e i n w i l l a l s o be c o n s i d e r e d . 
B e s i d e s b e i n g t h e b a s i s o f t h e a u t h o r ' s degree 
t h e s i s , t h e r e s e a r c h w i l l be u s e d a s background m a t e r i a l f o r 
a r e p o r t t o t h e N a t u r e C o n s e r v a n c y C o u n c i l , w h i c h w i l l make 
reco m m e n d a t i o n s f o r e n h a n c i n g t h e a r e a ' s d u c k l i n g s u r v i v a l 
r a t e . 
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METHODS 
The equipment u s e d i n t h i s s t u d y c o m p r i s e d a SWIFT 
ZOOMSCOPE (15-60X 60mm) and 10x50 b i n o c u l a r s . 
The methods employed c a n be c o n v e n i e n t l y s p l i t 
i n t o t h r e e s e c t i o n s , namely t h o s e u s e d t o d e t e r m i n e t h e 
d i s t r i b u t i o n o f a d u l t s and d u c k l i n g s ; t h o s e u s e d i n t h e 
a s s e s s m e n t o f d u c k l i n g s u r v i v a l ; and f i n a l l y t h o s e u s e d t o 
a s s e s s t h e t i m i n g o f a d u l t f e e d i n g . 
ADULT AND DUCKLING DISTRIBUTION & DUCKLING SURVIVAL 
The p r e f e r r e d f e e d i n g a r e a s o f a d u l t s and 
d u c k l i n g s and t h e i r p o p u l a t i o n s were d e t e r m i n e d by w a l k i n g 
t h e s t u d y a r e a from Hadston C a r r s t o C r a s t e r a s o f t e n a s 
p o s s i b l e ( u s u a l l y 2-3 t i m e s p e r week), and c o u n t i n g t h e 
p o p u l a t i o n s of a d u l t s and d u c k l i n g s found. At t h e same time 
t h e n a t u r e of t h e h a b i t a t i n w h i c h t h e d u c k l i n g s were found 
was n o t e d . However due t o t h e l e n g t h o f t h e c o a s t l i n e 
i n v o l v e d (>25km) , t h e a r e a had t o be s u r v e y e d i n two p a r t s 
i . e . B i r l i n g C a r r s t o Hadston C a r r s (GR 254078 - 284009) 
c o v e r e d on twenty-two o c c a s i o n s , and AInmouth t o C r a s t e r (GR 
247105 - 259199) c o v e r e d on twen t y o c c a s i o n s . W i t h i n e a c h 
• h a l f o f t h e s t u d y a r e a v i e w i n g p o i n t s were s e l e c t e d t o 
ma x i m i s e t h e a r e a v i s i b l e and t o e n s u r e c o m p l e t e c o v e r a g e 
( s e e F i g . 1 ) . 
The c h o i c e of C r a s t e r a s t h e n o r t h e r n l i m i t of t h e 
s t u d y a r e a was p r i n c i p a l l y a p r a c t i c a l c o n s i d e r a t i o n i n t h a t 
t o c o v e r a l a r g e r a r e a on f o o t would have been i m p o s s i b l e . 
However, t h a t d u c k l i n g s from Coquet I s l a n d d i d g e t so f a r 
n o r t h was d e m o n s t r a t e d on one o c c a s i o n when a b r o o d / c r e c h e 
swam t h e whole d i s t a n c e from Marden Rocks t o C r a s t e r as t h e 
a u t h o r w a l k e d t h e same d i s t a n c e . That d u c k l i n g s go no 
f u r t h e r t h a n C r a s t e r c a n n o t be p r o v e n , y e t i t seems l i k e l y 
t h a t t h e numbers d o i n g so w i l l be s m a l l . Moreover, i t i s 
known t h a t a few p a i r s o f E i d e r s do i n f a c t b r e e d on t h e 
m a i n l a n d t o t h e n o r t h o f C r a s t e r around Dunstanburgh C a s t l e 
and t h u s t o s u r v e y t h i s a r e a would have l e d t o t h e 
i m p o s s i b i l i t y o f t r y i n g t o s e p a r a t e t h e few Coquet d u c k l i n g s 
from t h e few l o c a l d u c k l i n g s . I t i s hoped t h a t by s t o p p i n g 
a t C r a s t e r s u c h c o m p l i c a t i o n s c o u l d be a v o i d e d o r a t l e a s t 
made i n s i g n i f i c a n t . S i m i l a r l y , t h a t F a r n e I s l a n d d u c k l i n g s 
were n o t d r i f t i n g s o u t h w a r d s i n t o t h e s t u d y a r e a c o u l d not 
be p r o v e n i n t h e t i m e , o r w i t h t h e manpower a v a i l a b l e . 
However p r e v i o u s work ( C o u l s o n , p e r s comm) i n v o l v i n g marking 
o f d u c k l i n g s from t h e F a m e s showed t h a t t h e y o n l y got as 
f a r s o u t h a s Embleton ( a p p r o x i m a t e l y 1.5 m i l e s n o r t h o f 
D u n s t a n b u r g h c a s t l e ) . 
I t q u i c k l y became c l e a r t h a t t h e d u c k l i n g s were 
e a s i e r t o s e e i n some a r e a s a t c e r t a i n t i d a l c o n d i t i o n s . F o r 
i n s t a n c e a t low t i d e i n Amble h a r b o u r when t h e d u c k l i n g s 
moved onto and a c r o s s t h e e x p o s e d mud t o f e e d ; and a t h i g h 
t i d e between Marden Rocks and Howdiemont Sands, when t h e 
a r e a o f r o c k p o o l s and seaweed e n c r u s t e d r o c k s , i n t o which 
t h e b i r d s c o u l d d i s a p p e a r , was much r e d u c e d . Hence, whenever 
p o s s i b l e , c o u n t s were t i m e d t o c o i n c i d e w i t h t h e s e s t a g e s i n 
t h e t i d a l c y c l e . 
To a s s e s s d u c k l i n g s u r v i v a l an age c a t e g o r i s a t i o n 
K v v . ... 
Of d u c k l i n g s i s r e q u i r e d . /Milne (1985) d e v e l o p e d t h e 
f o l l o w i n g age c a t e g o r i s a t i o n b a s e d on 130 newly h a t c h e d 
d u c k l i n g s i n e i g h t b r o o d s : 
Age c a t e g o r i e s and 
p h y s i c a l d e s c r i p t i o n 
E x t r e m e s o f 




l a Rotund, b l a c k i s h 0-10 3 
l b Slimmer, p a l e brown 5-25 12 
2 D i s t i n c t neck 10-40 25 
3 F i r s t f e a t h e r s 25-49 40 
( s c a p u l a r s & f l a n k s ) 
4 F e a t h e r s on head and 40-84 65 
f l a n k s - F l e d g i n g 
TIMING OF ADULT FEEDING 
I n t h e c a s e o f t h e f e e d i n g h a b i t s of a d u l t b i r d s 
i t was i m p o s s i b l e t o watch t h e whole E i d e r duck p o p u l a t i o n , 
o r e v e n a s i z e a b l e p r o p o r t i o n o f i t , f o r a whole day. 
F u r t h e r , w h i l e i t may be p o s s i b l e t o watch a s i n g l e b i r d f o r 
a whole day t h i s assumes t h a t t h e chosen b i r d i s ' t y p i c a l ' 
o f t h e whole p o p u l a t i o n and, moreover, t h a t the chosen day 
i s t y p i c a l o f a l l o t h e r d a y s . A more g e n e r a l i s e d i n d i c a t i o n 
o f f e e d i n g a c t i v i t y i s r e q u i r e d t h a t a g g r e g a t e s the 
b e h a v i o u r of s e v e r a l , i f not s e v e r a l hundred, i n d i v i d u a l s 
t h r o u g h c h a n g i n g w e a t h e r , and i n t h i s c a s e e s p e c i a l l y , 
c h a n g i n g t i d a l c o n d i t i o n s . A f e e d i n g i n d e x was d e v e l o p e d t o 
do t h i s . 
To c a l c u l a t e t h e f e e d i n g i n d e x , a group of t e n 
b i r d s i s s e l e c t e d and t h e n watched f o r 30 seconds, the 
number of i n d i v i d u a l s o b s e r v e d t o engage i n f e e d i n g a c t i v i t y 
i n t h a t p e r i o d i s n o t e d . The p r o c e s s i s r e p e a t e d t e n t i m e s 
o v e r a p e r i o d o f t e n m i n u t e s . A f t e r a f i v e minute break (to 
g i v e t h e a u t h o r a r e s t ) , a n o t h e r t e n o b s e r v a t i o n s a r e made. 
F o u r s u c h d a t a s e t s were t h u s t a k e n w i t h i n one hour. The 
p r o p o r t i o n o f b i r d s o b s e r v e d t o have f e d i n t h o s e f o u r 
c o u n t s i s t h e f e e d i n g i n d e x f o r t h a t hour. 
T h i s p r o c e s s was r e p e a t e d e v e r y o t h e r hour from 
0530 t o 2030, g i v i n g e i g h t f e e d i n g i n d i c e s f o r any one day, 
namely:- 0530-0630; 0730-0830; 0930-1030; 1130-1230; 1330-
1430; 1530-1630; 1730-1830; 1930-2030. 
As many i n d i v i d u a l s a s p o s s i b l e were i n c l u d e d 
w i t h i n e a c h h o u r l y sample. G i v e n t h a t t h e p o p u l a t i o n v i s i b l e 
from t h e l o o k - o u t r a r e l y , i f e v e r , t o t a l l e d 400 (the number 
s a m p l e d i n one hour) i t i s l i k e l y t h a t v i r t u a l l y a l l v i s i b l e 
i n d i v i d u a l s would have been sampled and t h u s t h e method 
g i v e s r e s u l t s w h i c h were r e p r e s e n t a t i v e of t h e r e a l 
s i t u a t i o n . 
S T A T I S T I C A L TREATMENT 
By and l a r g e g r a p h i c a l p r e s e n t a t i o n was a l l t h a t 
was r e q u i r e d t o a l l o w a n a l y s i s of t h e d a t a . However, i n t h e 
s e c t i o n s r e l a t i n g t o 'DUCKLING GROUPS' and t o 'OTHER ASPECTS 
OF DUCKLING ECOLOGY' s t a t i s t i c a l t e s t s were u s e d . 
I n t h e f o r m e r c a s e t h i s c o m p r i s e d t h e use of t h e 
S t u d e n t t - t e s t t o s e e i f t h e r e were s i g n i f i c a n t d i f f e r e n c e s 
i n mean group s i z e and mean dependency r a t i o (number of 
d u c k l i n g s p e r a t t e n d a n t female) between s u c c e s s i v e age 
c a t e g o r i e s o f d u c k l i n g s . I n both i n s t a n c e s t h e d a t a was not 
n o r m a l l y d i s t r i b u t e d and was t h u s l o g t r a n s f o r m e d b e f o r e 
a n a l y s i s was c a r r i e d o u t . 
I n t h e l a t t e r c a s e t h e two sample C h i - s q u a r e d t e s t 
was u s e d t o a n a l y s e , i n t u r n , how t h e a c t i v i t y of t h e 
d u c k l i n g s was r e l a t e d t o t h e i r age; t h e s t a g e of the t i d a l 
c y c l e ; and t h e r o u g h n e s s of t h e s e a s u r f a c e . I n t h e l a s t 
c a s e , o n l y t h o s e d u c k l i n g s which were o u t s i d e Amble harbour 
were i n c l u d e d i n t h e t e s t as t h o s e w i t h i n t h e harbour were 
e f f e c t i v e l y s h e l t e r e d from, and c o u l d t h u s behave 
i n d e p e n d e n t l y o f , t h e g e n e r a l s e a - s u r f a c e c o n d i t i o n s . The 
i d e n t i f i c a t i o n o f s e a - s u r f a c e c o n d i t i o n s as ' f l a t ' , 
' s l i g h t ' , 'moderate' or 'rough' was p u r e l y s u b j e c t i v e and 
n o t b a s e d on q u a n t i t a t i v e c r i t e r i a . S i m i l a r l y t h e d i f f e r e n c e 
b e t w e e n ' s h a l l o w w a t e r ' and 'deeper w a t e r ' i s s u b j e c t i v e , 
d u c k l i n g s g e n e r a l l y g e i n g a s c r i b e d t o t h e l a t t e r c a t e g o r y i f 
more t h a n a few m e t r e s ((? 5m) o f f s h o r e . 
When c a r r y i n g out 'the c h i - s q u a r e d t e s t s t h e a u t h o r 
was f a c e d w i t h t h e problem of d e c i d i n g whether t o t a k e t h e 
i n d i v i d u a l d u c k l i n g or t h e d u c k l i n g group a s t h e base d a t a 
p o i n t . To u s e t h e former would assume t h a t a l l t h e 
i n d i v i d u a l s w i t h i n a group of d u c k l i n g s was b e h a v i n g 
i n d e p e n d e n t l y o f a l l t h e o t h e r s , and f i v e minutes of 
o b s e r v a t i o n i s enough t o p r o v e t h a t t h i s i s not t h e c a s e . 
C o n v e r s e l y , t o t a k e t h e group as t h e b a s e d a t a p o i n t would 
mean t h a t a l o n e d u c k l i n g would have t h e same weight, w i t h i n 
t h e t e s t , a s a group o f 30. 
The o n l y s o l u t i o n was t o c a r r y out t e s t s on t h e 
b a s i s o f b o t h a s s u m p t i o n s and o n l y i n t h o s e i n s t a n c e s where 
t h e r e s u l t s c o n c u r t a k e them t o be r e l i a b l e . 
I n a l l s t a t i s t i c a l t e s t s s i g n i f i c a n c e was a c c e p t e d 




I n t h e f o l l o w i n g t e x t i t s h o u l d n o t e d t h a t t h e 
numbers r e f e r r i n g t o c o a s t a l s e c t i o n s a r e not n e c e s s a r i l y 
i n t e r c h a n g e a b l e between g r a p h s . A key t o t h e s e c t i o n s i s 
p r o v i d e d on e a c h i n d i v i d u a l g r a p h . 
F i g u r e 2 i l l u s t r a t e s t h e d i s t r i b u t i o n o f d u c k l i n g s 
i n t h e s t u d y a r e a . Only t h o s e s e c t i o n s t h a t c o n t a i n s h o r e 
t y p e s w h i c h were e x t e n s i v e l y u s e d by t h e d u c k l i n g s a r e 
shown. Such a r e a s i n c l u d e seaweed c o v e r e d r o c k , b a r e r o c k 
and mud and t h e s e t o g e t h e r a c c o u n t e d f o r 95% of a l l i n s h o r e 
d u c k l i n g o b s e r v a t i o n s . 
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COASTAL SECTIONS (Bar width proportional to section area) 
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The w i d t h of e a c h s e c t i o n b a r i s p r o p o r t i o n a l t o 
t h e a r e a o f u s e f u l h a b i t a t w i t h i n e a c h s e c t i o n between 
M.H.W. and M.L.W. The t o t a l u s e f u l a r e a i s 2 .9875km2 and i s 
d i v i d e d between t h e s e c t i o n s a s shown t h u s : 
COASTAL SECTION AREA 
CULLERNOSE - CRASTER 0 .1025 km^ 
RUMBLING KERN - CULLERNOSE 0 1150 kin2 
HOWDIEMONT SANDS - RUMBLING KERN 0 2250 km2 
RED ENDS - HOWDIEMONT SANDS 0 3650 km2 
MAR MOUTH - RED END 0 3925 km2 
BALLY CAKRS - MAR MOUTH 0 4625 km2 
MARDEN ROCKS 0 2825 km2 
B I R L I N G CARRS 0 0225 km2 
WARKWORTH (AMBLE) HARBOUR 0 2250 km2 
WELLHAUGH POINT 0 2300 km2 
COASTGUARD LOOK OUT 0 2425 km2 
SILVER/BONDI CARRS 0 2250 km2 
HADSTON CARRS 0 0975 km2 
Table 1 
Of t h e above, o n l y t h e h a r b o u r ( F i g 2, s e c t i o n 9) 
i s c h a r a c t e r i s e d by mud. 
F i g u r e 2 i l l u s t r a t e s t h a t t h e h a r b o u r i s t h e most 
u s e d s e c t i o n o f t h e s t u d y a r e a , w i t h s e c t i o n s 10 (Wellhaugh 
P o i n t ) , 1 ( C u i l e r n o s e - C r a s t e r ) , 11 ( C o a s t g u a r d l o o k o u t ) 
and 3 (Howdiemont Sands - Rumbling Kern) b e i n g l e s s t h a n 
h a l f a s w e l l u s e d . 
W i t h i n t h e harbour, t h e d u c k l i n g s p r i n c i p a l l y u s e d 
t h e main c h a n n e l , from t h e d o c k y a r d u p s t r e a m t o 50-lOOm 
b e l o w t h e w e i r , and t h e e x t e n s i v e mud banks t o t h e n o r t h of 
t h e main c h a n n e l o p p o s i t e t h e y a c h t c l u b . 
T a b l e 2 i l l u s t r a t e s t h e i n t e n s i t y of u s e of e a c h 
s e c t i o n ( t h e v a l u e s a r e o b t a i n e d by d i v i d i n g t h e "mean 
number o f d u c k l i n g s s e e n p e r c o u n t " by t h e a r e a of u s e f u l 
h a b i t a t i n e a c h s e c t i o n ) . Amble h a r b o u r a p p e a r s a s t h e most 
i n t e n s i v e l y u s e d s e c t i o n , w i t h t h e a r e a between C u i l e r n o s e 
and C r a s t e r a c l o s e s e c o n d . 
12 
COASTAL SECTION ( F I G 2.) 
1 CULLERNOSE - CRASTER 
2 RUMBLING KERN - CULLERNOSE 
3 HOWDIEMONT SANDS - RUMBLING KERN 
4 RED ENDS - HOWDIEMONT SANDS 
5 MAR MOUTH - RED ENDS 
6 BALLY CARRS - MAR MOUTH 
7 MARDEN ROCKS 
8 B I R L I N G CARRS 
9 WARKWORTH (AMBLE) HARBOUR 
10 WELLHAUGH POINT 
11 COASTGUARD LOOK OUT 
12 SILVER/BONDI CARRS 
















F i g u r e 2 c o n t a i n s o n l y f i e l d d a t a c o l l e c t e d 
d u r i n g a p p r o x i m a t e l y t h e f i r s t h a l f o f t h e d u c k l i n g s ' growth 
(9/5 - 12/7 w i t h one a d d i t i o n a l v i s i t on t h e 1/8) t h u s 
a r e a s f a v o u r e d by t h e d u c k l i n g s i n t h e l a t t e r s t a g e s of 
t h e i r g r o w t h w i l l be somewhat u n d e r - r e p r e s e n t e d . However 
s i n c e t h i s f i r s t h a l f o f t h e growth i s t h e t i m e of h i g h 
m o r t a l i t y / t h e e a r l y h a b i t a t c h o i c e i s of p a r t i c u l a r 
i m p o r t a n c e . 
F i g u r e 3 i l l u s t r a t e s t h e c h a n g i n g d i s t r i b u t i o n of 
d u c k l i n g s a s t h e y grow. Age c a t e g o r i e s 2 and 3 have been 
c o m b i n e d due t o t h e i r r e l a t i v e l y s m a l l s i z e . 
The a r e a s between Howdiemont Sands and Rumbling 
K e r n ( F i g . 3 , s e c t i o n 3 ) ; around t h e C o a s t g u a r d look out 
p o i n t t o t h e s o u t h o f Amble ( F i g . 3, s e c t i o n 1 1 ) ; and, most 
i m p o r t a n t l y Amble h a r b o u r ( F i g . 3 , s e c t i o n 10) a r e f a v o u r e d 
by d u c k l i n g s o f age c a t e g o r i e s l a and l b . I t was n o t a b l e 
t h a t t h e a d d i t i o n a l c o u n t c a r r i e d out on 1 August r e v e a l e d 
no d u c k l i n g s i n Amble h a r b o u r . On t h i s d a t e a l l o b s e r v e d 
d u c k l i n g s were i n age c a t e g o r y two o r above. 
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DISTRIBUTION OF DUCKLINGS 
BY AGE GROUP 
40 
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la 1 lb lliiiiii] 2&3 
Age Categories la;1b;2a3 
F u r t h e r m o r e t h e r e c e n t l y c o n s t r u c t e d m a r i n a w i t h i n 
Amble h a r b o u r i s l i t t l e u s e d by d u c k l i n g s ( o n l y 2,8% of a l l 
' i n - h a r b o u r ' o b s e r v a t i o n s ) . 
F i g u r e 3 a l s o i n d i c a t e s t h e e x i s t e n c e o f a r e a s 
f a v o u r e d by o l d e r d u c k l i n g s s u c h a s t h e r o c k s between 
W e l l h a u g h P o i n t and t h e mouth o f Amble h a r b o u r ( F i g 3, 
s e c t i o n 1 0 ) , and t h e a r e a between C u i l e r n o s e P o i n t and 
C r a s t e r ( F i g 3, s e c t i o n 1 ) . 
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DUCKLING MORTALITY 
The growth and d e c l i n e o f t h e d u c k l i n g p o p u l a t i o n , 
i t s age s t r u c t u r e and t h e o v e r a l l m o r t a l i t y a r e shown i n 
F i g u r e s 4 & 5. 







EIDER DUCKLING POPULATION DYNAMICS 
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EIDER DUCKLING POPULATION DYNAMICS 
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EIDER DUCK POPULATION DYNAMICS 
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DATE 
Eggs Hatched Ducklings Seen Ducklings Dead 
Two upper curves assume zero egg 
mortality 
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The v a s t m a j o r i t y o f m o r t a l i t y o c c u r s p r i o r t o t h e 
d u c k l i n g s r e a c h i n g age c a t e g o r y 2, w h i l e t h o s e d u c k l i n g s 
r e a c h i n g t h i s age have a r e l a t i v e l y good c h a n c e o f s u r v i v i n g 
t o m a t u r i t y . T h i s i s i l l u s t r a t e d by b o t h F i g u r e s 4c and 6, 
i n t h e f o r m e r i s d e p i c t e d t h e d e a t h o f o n l y s i x d u c k l i n g s 
b e t w e e n 11 J u l y and 1 August (when a l l t h e d u c k l i n g s were 
i n , o r f a s t a p p r o a c h i n g , age c a t e g o r y 2 or above) . 
C o n v e r s e l y i n t h e t h r e e weeks p r i o r t o 11 J u l y a p p r o x i m a t e l y 
100 d u c k l i n g s a r e known t o have d i e d . The l a t t e r graph, 
F i g u r e 6, shows t h e r e l a t i o n s h i p between t h e m o r t a l i t y r a t e 
p e r day and t h e p e r c e n t a g e o f d u c k l i n g s i n t h e p o p u l a t i o n i n 
age c a t e g o r y 2 o r above. 
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A g a i n t h e drop i n m o r t a l i t y r a t e a s t h e d u c k l i n g s 
m a t u r e i s s e e n . I t s h o u l d a l s o be n o t e d t h a t t h e m o r t a l i t y 
r a t e p e r day i n t h e e a r l y p a r t of t h e s e a s o n , a s r e p r e s e n t e d 
i n F i g u r e 6, i s p r o b a b l y too low s i m p l y b e c a u s e i n o r d e r f o r 
a d u c k l i n g t o c o n t r i b u t e t o t h i s f i g u r e i t must have been 
o b s e r v e d on a t l e a s t one o c c a s i o n . However t h e youngest 
d u c k l i n g s d i e a t s u c h a r a p i d r a t e t h a t some a r e un d o u b t e d l y 
n e v e r c o u n t e d . 
As t h e d a t a f o r F i g u r e s 4a and 4b was c o l l e c t e d on 
d i f f e r e n t d a y s , an i n d i c a t i o n of t h e o v e r a l l p o p u l a t i o n 
c h a n g e s c o u l d o n l y be g a i n e d by c o m b i n i n g t h e two d a t a s e t s . 
F i g u r e 4c i s t h e r e s u l t and i s d e r i v e d by i n t e r p o l a t i n g 
b e t w e e n t h e c o u n t d a t e s f o r t h e a r e a between Alnmouth and 
C r a s t e r on t o t h e d a t e s on w h i c h c o u n t s were c a r r i e d out 
b e t w e e n Hadston C a r r s and B i r l i n g C a r r s , and t h e n a d d i n g t h e 
f o r m e r t o t h e l a t t e r ( t h i s t e c h n i q u e h a s a l s o been 
a p p l i e d , u s i n g t h e r e l e v a n t d a t a , t o c o n s t r u c t F i g u r e s 5, 6 & 
10c) . T h i s g i v e s an a c c u r a t e i m p r e s s i o n of t h e day t o day 
change i n numbers f o r t h e whole s t u d y a r e a . However i n d o i n g 
s o , t h e t r u e n a t u r e o f t h e p o p u l a t i o n d y n a m i c s a r e hi d d e n , 
e s p e c i a l l y i n t h e d e c l i n e phase o f t h e g r a p h where an 
a p p a r e n t l y l i n e a r d e c l i n e ( F i g . 4c) h i d e s two e x p o n e n t i a l 
c u r v e s ( F i g s . 4a & 4 b ) . 
From c o u n t s o f s i t t i n g f e m a l e s p r o v i d e d by t h e 
Co q u e t I s l a n d warden (and assuming an i n c u b a t i o n p e r i o d o f 
27 d a y s [Cramp, 1 9 7 7 ] ) i t i s c a l c u l a t e d t h a t 420 f e m a l e s 
b r e d on t h e i s l a n d t h i s y e a r . Thus i n o r d e r t o r e p l a c e t h e 
l o s s due t o a d u l t m o r t a l i t y , 10% p e r annum ( C o u l s o n , 1 9 8 4 ) , 
42 f e m a l e d u c k l i n g s would have t o s u r v i v e t o m a t u r i t y . On 1 
18 
A u g u s t , 92 d u c k l i n g s r e m a i n e d . A s s u m i n g a s e x r a t i o of 50/50 
t h i s means 4 6 f e m a l e d u c k l i n g s were s t i l l a l i v e , but as i t 
t a k e s two y e a r s t o r e a c h s e x u a l m a t u r i t y c l e a r l y i n 1990 too 
few d u c k l i n g s h a v e s u r v i v e d . 
At an a v e r a g e c l u t c h s i z e o f 3.8 (C o u l s o n , p e r s . 
comm.), and g i v e n a t o t a l o f 420 c l u t c h e s t h i s means 1596 
e g g s w e r e l a i d . Thus by 1 A u g u s t t h e eggs and d u c k l i n g s 
h a d s u f f e r e d an o v e r a l l m o r t a l i t y of 94%. 
T h e r e was no e v i d e n c e t o s u g g e s t t h a t t h i s y e a r ' s 
t o x i c bloom o f D i n o f l a g e l l a t e s i n t h e No r t h Sea had a 
d e t r i m e n t a l e f f e c t on d u c k l i n g ( o r a d u l t ) s u r v i v a l . 
DUCKLING GROUPS AND CRECHES 
S t u d e n t t - t e s t s were c a r r i e d o ut on two f a c e t s o f 
d u c k l i n g g r o u p s , namely how group s i z e c hanges w i t h age and 
how t h e number o f d u c k l i n g s p e r a t t e n d a n t a d u l t ( t h e 
'dependency r a t i o ' ) c h a n g e s .with age. Both showed 
s i g n i f i c a n t d e c l i n e s between s u c c e s s i v e age groups ( s e e 
b e l o w & A p p e n d i x 1) . The o n l y e x c e p t i o n b e i n g between age 
c a t e g o r i e s 2 and 3 when t h e dependency r a t i o was c o n s i d e r e d . 
I t s h o u l d be n o t e d t h a t t h e s e r e s u l t s r e f l e c t 
s i g n i f i c a n t ( o r n o n - s i g n i f i c a n t ) c h a n g e s i n t h e LOG of t h e 
mean c r e c h e s i z e a n d mean dependency r a t i o . 
Age C a t e c j o r i e s C r e c h e S i z e D'l pendency R a t i o 
t P t P 
l a v . l b 
l b V. 2 
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OTHER ASPECTS OF DUCKLING ECOLOGY 
C h i - s q u a r e d a n a l y s i s o f d u c k l i n g a c t i v i t y i n 
r e l a t i o n t o age c a t e g o r y shows o n l y t h r e e c l e a r t r e n d s , 
f i r s t l y t h a t t h e r e i s a s i g n i f i c a n t v a r i a t i o n i n a c t i v i t y 
w i t h age (GROUPS: c h i - s q u a r e d = 76.57, p<0.001. 
INDIVIDUALS: c h i - s q u a r e d = 630.93, p<0.001), and t h a t t h i s 
v a r i a t i o n i s l a r g e l y c o m p r i s e d of an i n c r e a s i n g l e v e l o f 
f e e d i n g i n d e e p e r w a t e r a s t h e d u c k l i n g s age, w i t h a 
c o n c u r r e n t d e c r e a s e i n t h e l e v e l o f f e e d i n g i n s h a l l o w 
w a t e r . T h e s e p a t t e r n s a r e c o n s i s t e n t whether groups or 
i n d i v i d u a l d u c k l i n g s a r e u s e d a s t h e u n i t of d a t a . 
The c o n s i d e r a t i o n o f how d u c k l i n g a c t i v i t y i s 
r e l a t e d t o t h e t i d a l c y c l e shows t h a t when t h e group i s 
t a k e n a s t h e u n i t o f d a t a no s i g n i f i c a n t r e l a t i o n s h i p i s 
f o u n d ( c h i - s q u a r e d = 28.39, p > 0 . 1 0 ) . However when i n d i v i d u a l 
d u c k l i n g s a r e t a k e n as t h e i n d i v i d u a l u n i t of d a t a , 
s i g n i f i c a n c e i s a c h i e v e d ( c h i - s q u a r e d = 327.06, p<0.001). 
The o n l y c l e a r p a t t e r n i s a g r e a t e r p r o p e n s i t y t o r e s t c l o s e 
t o h i g h t i d e , and a t e n d e n c y t o f e e d on l a n d t o a g r e a t e r 
e x t e n t t h a n e x p e c t e d a r ound m i d - t i d e . 
F i n a l l y , c h i - s q u a r e d a n a l y s i s of t h e r e l a t i o n s h i p 
b e t w e e n d u c k l i n g a c t i v i t y and s e a - s u r f a c e roughness f i n d s 
s i g n i f i c a n t r e l a t i o n s h i p s w i t h b o t h groups and i n d i v i d u a l s 
a s t h e b a s e d a t a p o i n t (GROUPS: c h i - s q u a r e d = 29.30, 
p<0.001. INDIVIDUALS: c h i - s q u a r e d = 161.39, p<0.001). I n 
t h i s i n s t a n c e we f i n d l e s s f e e d i n g t h a n e x p e c t e d i n s h a l l o w 
w a t e r i n f l a t c o n d i t i o n s and r a t h e r more t h a n e x p e c t e d i n 
2 0 
m o d e r a t e - r o u g h c o n d i t i o n s , t h e r e v e r s e b e i n g t r u e f o r deep 
w a t e r . F u r t h e r m o r e t h e r e i s l e s s swimming t h a n e x p e c t e d i n 
open w a t e r i n moderate t o rough c o n d i t i o n s , and more than 
e x p e c t e d i n s l i g h t c o n d i t i o n s . 
The d a t a f o r a l l t h e above t e s t s i s shown i n 
a p p e n d i x 2. 
ADULT FEEDING 
The r e s u l t s o f t h e c o u n t s t o d e t e r m i n e t h e t i m i n g 
o f a d u l t f e e d i n g a r e shown i n d i v i d u a l l y and c o l l e c t i v e l y i n 
F i g u r e s 7 & 8 ( s e e a l s o Appendix 3) . 
EIDER FEEDING INTENSrTV THBCXXiH TIME EIDER FEEDING INTENSrTY THROUGH TIME 
11VS0 
6 a 10 12 2 4 6 
AH T i lE Of DAY FW 
LOW TIDE 9:59 HIGH TIDE 3:54 
a 10 12 2 4 6 
AM TUEOfOAV m 
LOW TIDE 1206 HIGH TIDE 6:17 
EIDER FEEDING IMTENSTTY THROUGH TIME 
1 6 / ^ 9 0 
a 10 12 2 4 6 a 
AM TUEOfOAY PM 
LOW TIDE 2:14 MGH TIDE 7:42 
F IG . 7 
EIDER FEEDING INTENSITY THflCXXSH TIME 
1 8 / 5 ^ 
EIDER FEEDING INTENSrTY THROUGH TIME EIDER FEEDING INTENSfTY THROUGH TIME 
22?a«) 
6 8 10 12 2 4 6 
AM THE OF OAV PU 
LOW TIDE 4:19 HIGH TIDE 9:40 
10 12 2 4 
AM T M E O F O A V PU 
LOWTIDE60046.31HIGH TIDE 1155 
10 12 2 4 6 i 
AH TMEOfOAV PM 
LOW TIDE 7:57* 8 2 5 HIGH TIDE 1:49 
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T h e r e i s a c l e a r peak i n f e e d i n g a t low t i d e and a 
c o r r e s p o n d i n g t r o u g h a t h i g h t i d e . T h i s p a t t e r n i s r e p e a t e d 
i r r e s p e c t i v e o f when low and h i g h t i d e f a l l d u r i n g t h e day. 
F u r t h e r m o r e , i f two low t i d e s o c c u r w i t h i n t h e d a y l i g h t 
p e r i o d t h e n two p e a k s o f f e e d i n g a c t i v i t y a r e r e c o r d e d . 
The a d u l t s f e d b o t h i n t h e w a t e r and on t h e r o c k s 
a t t h e w a t e r ' s edge. P e c k i n g , d a b b l i n g , u p ending and d i v i n g 
were a l l u s e d a s f e e d i n g t e c h n i q u e s . 
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ADULT DISTRIBUTION 
As shown i n F i g u r e 9, t h e r e i s a g e n e r a l i n c r e a s e 
i n numbers down t h e c o a s t towards Coquet I s l a n d and t h e 
o n s h o r e a r e a o p p o s i t e around t h e c o a s t g u a r d l o o k o u t p o i n t . 
O n l y a r e a s : 1, Sandy Shore ( F i g . 9 ) ; 10, Warkworth (Amble) 
h a r b o u r ( F i g . 9 ) ; and 12, Coquet I s l a n d ( F i g . 9) d e v i a t e 
f rom t h i s t r e n d . However as i t i s known t h a t t h e r e were c420 
n e s t s on t h e i s l a n d t h i s y e a r , t h e b a r on F i g u r e 9 f o r 
C o q u e t I s l a n d must be l a r g e l y m e a n i n g l e s s . 
ADULT BIRD DISTRIBUTION 
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To t h e s o u t h o f Cocjuet I s l a n d i . e . S i l v e r / B o n d i 
and H a d s t o n C a r r s t h e r e i s a v e r y r a p i d drop i n numbers and 
no b i r d s were s e e n i n t h e body o f D r u r i d g e Bay. 
A s e c o n d f e a t u r e of t h e graph i s t h e p r e p o n d e r a n c e 
o f m a l e b i r d s . However t h e r e a r e two e x c e p t i o n s t o t h i s 
g e n e r a l s i t u a t i o n i . e . Warkworth (Amble) h a r b o u r ( F i g . 9 , 
s e c t i o n 1 0 ) , and t h e r o c k s around Wellhaugh P o i n t ( F i g . 9 , 
s e c t i o n 1 1 ) , where f e m a l e s a r e i n t h e m a j o r i t y . 
ADULT SEX RATIOS AND POPULATION FLUCTUATION 
F i g u r e s 10a,b & c show t h e sex r a t i o ( m ale/female) 
o f a d u l t E i d e r s i n t h e s t u d y a r e a ( s e e Appendix 4) . The 
p i c t u r e i s one o f a peak i n t h e r a t i o , a t t h e h e i g h t of t h e 
i n c u b a t i o n p e r i o d (@25/5) o f 5.56, f o l l o w e d by a d e c l i n e t o 
j u s t 1.17 on 1 A u g u s t . However t h i s p a t t e r n h i d e s more or 
l e s s s e v e r e f l u c t u a t i o n s i n t h e r a t i o f i g u r e e s p e c i a l l y i n 
t h e n o r t h e r n ' h a l f o f t h e s t u d y a r e a . 
The g r a p h s a l s o i n d i c a t e t h e v a r i a t i o n i n t h e 
o v e r a l l numbers s e e n w i t h i n t h e s t u d y a r e a ( s e e Appendix 4) . 
I n t h i s c a s e a minimum of 674 b i r d s i s r e a c h e d a t t h e h e i g h t 
o f t h e i n c u b a t i o n p e r i o d , f o l l o w e d by a s t e a d y r i s e i n 
numbers t o 1296 on 26 J u n e . T h i s p a t t e r n , as opposed t o t h a t 
o f t h e s e x r a t i o , i s more c o n s i s t e n t i n t h e two h a l v e s of 
t h e s t u d y a r e a a l t h o u g h a g a i n t h e n o r t h e r n ' h a l f f l u c t u a t e s 
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Although a l l the ducklings of the study area are 
hatched on Coquet I s l a n d most o f them leave immediately 
a f t e r hatching, and cross the k i l o m e t r e or so of open water 
t o the mainland. This i s r e f l e c t e d i n the small number of 
du c k l i n g s seen by the i s l a n d ' s warden around i t s shores (a 
maximum of 58 on 18 June). 
While Figure 2 i l l u s t r a t e s t h a t Amble harbour i s 
the most important area i n terms of how many ducklings use 
i t , Table 2 shows t h a t the area between Cullernose and 
Craster i s almost as a t t r a c t i v e a h a b i t a t t o ducklings. 
However f o r the conservation of the l o c a l p o p u l a t i o n i t i s 
c l e a r l y the mud f l a t s of Amble harbour t h a t are most 
impor t a n t . Figure 3 i d e n t i f i e s the existence of three 
'nursery areas' where the young occur and feed f o r the 
f i r s t few weeks of t h e i r l i f e , Amble harbour again being 
p r i n c i p a l amongst these. 
The lack of usage by Eiders of the newly 
c o n s t r u c t e d marina i n Amble harbour does not r e f l e c t human 
disturbance through the use of the marina by boating 
e n t h u s i a s t s per se (indeed the open r i v e r channel was 
probably d i s t u r b e d t o a gr e a t e r extent by the comings and 
goings of boats and t h e i r crews than the marina i t s e l f ) . 
Rather, the marina i s now an area of r e l a t i v e l y unsuitable 
h a b i t a t f o r ducklings w i t h only very r e s t r i c t e d areas of mud 
becoming a v a i l a b l e at low t i d e due t o the a r t i f i c i a l l y 
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c r e a t e d and s t e e p l y s l o p i n g sides of the marina basin. I t i s 
p o s s i b l e t h a t chemicals d e r i v e d from the boats have k i l l e d 
t he fauna on and i n the mud and t h i s should be examined. 
The uneven use of the c o a s t l i n e by ducklings, 
d e p i c t e d i n Figures 2 & 3, i n p a r t r e f l e c t s a v a i l a b i l i t y of 
food, as Cantin, Bedard and Milne (1974) found on the St. 
Lawrence estuary i n J u l y , the number of ducklings per u n i t 
area was d i r e c t l y r e l a t e d t o food d e n s i t i e s (ranging from 34 
ducklings/km^ up t o 162/km2 - r e s u l t s not too d i s s i m i l a r t o 
those shown i n Table 2) . I t also p o i n t s t o the r e l a t i v e 
a b i l i t i e s of younger and older ducklings t o cope w i t h 
d i f f e r e n t s i z e d prey items. Young ducklings take 
polychaetes such as Nereis diversicolor and Arenicola 
marina; young or small crustaceans such as Crangon crangon 
and Gammarus sp. (Swennen, 1989) and small molluscs such as 
Hydrobia jenkensi (Coulson, pers. comm.) which abound i n 
the t y p i c a l l y e s t u a r i n e muds of Amble harbour. The 
a t t r a c t i o n of t h i s h a b i t a t t o ducklings i s revealed by c h i -
squared a n a l y s i s which i n comparing the various substrata 
a v a i l a b l e t o the ducklings f o r feeding shows t h a t 
s i g n i f i c a n t l y more ducklings than expected used mud as a 
f e e d i n g h a b i t a t (Chi-squared : 68.05 (groups), 277.05 
{ i n d i v i d u a l s } p<0.001). Another element of the d i e t f o r the 
f i r s t two weeks of l i f e i s i n s e c t s , e s p e c i a l l y the 
B i b i o n i d a e (Cantin, Bedard and Milne, 1974). These authors 
also i n d i c a t e the importance of Littorina spp., a 
gastropod, which can comprise 30 - 97% of the ducklings' 
d i e t , the f i g u r e i n c r e a s i n g w i t h age. They also note an 
increase i n the s i z e of the L i t t o r i n a spp. taken as the 
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d u c k l i n g s aged (although t h i s could simply r e f l e c t a 
c o i n c i d e n t a l increase i n the a v a i l a b i l i t y of l a r g e r 
Littorina spp.). Furthermore, ducklings above the age of 
t h r e e weeks are able t o cope w i t h 2-3cm. long mussels 
( M y t i l u s edulis) (Swennen, 1989). Both mussels and L i t t o r i n a 
spp, t h i c k l y encrusted the rocks around and t o the north of 
Wellhaugh P o i n t , w i t h the l a t t e r also being abundant between 
Cullernose and Craster. 
The c o n c e n t r a t i o n of older ducklings between 
Wellhaugh Point and Amble harbour mouth i s c l o s e l y 
associated w i t h Amble sewage o u t f a l l , and i t may be t h a t the 
l o c a l i s e d n u t r i e n t enrichment of the sea-water due t o t h i s 
and p o s s i b l y t o the discharge of the nearby River Coquet 
i n t o the sea leads t o the area's b e n e f i c i a l nature f o r 
d u c k l i n g s . 
Young ducklings, w i t h i n t h e i r f i r s t few days of 
l i f e , need t o d r i n k low s a l i n i t y or f r e s h water (Swennen, 
1989), however Swennen also noted t h a t they seem t o be very 
e f f i c i e n t at f i n d i n g even small q u a n t i t i e s i n s h e l l s , small 
seepages and d r a i n s . Such sources, and others ( i n c l u d i n g 
f r e s h water rock pools, home t o healthy tadpoles), were 
r e l a t i v e l y common along the whole c o a s t l i n e and thus the 
a v a i l a b i l i t y of f r e s h water i s probably not important i n 
d e t e r m i n i n g d u c k l i n g d i s t r i b u t i o n i n t h i s instance. 
On the other hand, while a v a i l a b i l i t y and 
s u i t a b i l i t y o f food are of great importance i n determining 
d u c k l i n g d i s t r i b u t i o n other f a c t o r s such as freedom from 
d i s t u r b a n c e ; a v a i l a b i l i t y of s h e l t e r and l o a f i n g areas; 
t r a d i t i o n ; the presence or absence of predators; and the 
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p r o x i m i t y of the nearest nesting h a b i t a t may a l l be of 
importance as w e l l . 
EGG MORTALITY 
P r i o r t o a discussion of d u c k l i n g m o r t a l i t y , 
mention should be made of the p o t e n t i a l f o r egg losses i f 
assumptions concerning i t s magnitude are t o be accepted. 
There e x i s t s the apparent paradox t h a t while large 
g u l l s (Larus marinus; Larus argentatus) and crows (Corvus 
spp.) appear t o be the main predators of Eider eggs (Reed, 
1964; Choate, 1967; Gotmark & Ahlund, 1986) and rates of egg 
loss may reach l e v e l s as high as 30% (Gerasimova & Baranova, 
1960), w i t h a f i g u r e of 70% v a r i o u s l y recorded (Paynter, 
1951; Guignion, 1967; Clark, 1968; Bourget, 1970), 
nonetheless Eiders seem t o derive some b e n e f i t from nesting 
i n g u l l c o l o n i e s . I t appears t h a t the g u l l s u n i n t e n t i o n a l l y 
p r o t e c t the Eiders from predators e x t e r n a l t o the colony 
such as other g u l l s and crows (Bourget, 1973) and mammals 
(Swennen, 1989). As Gotmark & Ahlund (1986) s t a t e : 
"...the p r o p o r t i o n of Eider nests destroyed by 
predators was s i g n i f i c a n t l y lower w i t h i n than outside g u l l 
colonies...We suggest t h a t the co l o n i e s , t o some extent, 
p r o t e c t e d Eider nests against p r e d a t i o n . " 
I t seems t h a t the females' h a b i t of r a r e l y i f ever 
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l e a v i n g the nest (Anderson, 1975), once i n c u b a t i o n has begun 
i s adequate p r o t e c t i o n against d i r e c t a t t a c k by avian 
predators (Swennen, 1983). However: 
"...the absence of mammalian predators appears t o 
be the most important p r e - r e q u i s i t e ( f o r high nesting 
success) as mammals may be dangerous f o r the a d u l t b i r d " 
(Gotmark & Ahlund, 1986) 
The same has been found by Hilden (1964) and 
Larson (1960) . Swennen (1983) p o i n t s t o whole colonies being 
destroyed by the Red Fox (Vulpes vulpes) and the A r c t i c Fox 
(Alopex lagopus) . Such predators, and indeed man, pose a 
r e a l t h r e a t t o the incubating female, she i s forced t o leave 
the nest thereby l e a v i n g i t open t o a l l p o t e n t i a l predators. 
Van Dobben (1934 & 1937) observed 20% egg loss on V l i e l a n d 
t o H e r r i n g Gulls as the r e s u l t of human disturbance. 
Grenquist (1959) and Hilden (1964), also showed the 
i n f l u e n c e of man on c l u t c h p r e d a t i o n . 
A r e a l i s a t i o n of the above has important 
consequences f o r the conservation of the Eider. For instance 
i n S.W.Sweden: 
"...the breeding p o p u l a t i o n has increased 
markedly, even more than the g u l l s . Thus, predation on 
eggs... by g u l l s has no serious negative i n f l u e n c e on the 
p o p u l a t i o n l e v e l of the Eider, and cannot be used as an 
argument f o r the reduction of g u l l p o p u l a t i o n s . " (Gotmark & 
Ahlund, 1986). 
31 
S i m i l a r l y i n V l i e l a n d n e s t i n g success has 
increased t o more than 90% d e s p i t e an increase i n the g u l l 
p o p u l a t i o n from 3,000 t o 10,000 p a i r s . This i n f a c t r e f l e c t s 
a l a c k of disturbance by man (Swennen, 1989). 
I n the present study no data were recorded 
concerning egg depredation on Coquet I s l a n d , however i t i s 
very low. The only p o t e n t i a l predators are the b i g g u l l s , 
and i n the e a r l y 1970's, when t h e i r p o p ulation reached a 
maximum of over 130 p a i r s , the number of Eider clutches 
i n v o l v e d i n egg predation was less than 4% (Coulson, 1984) . 
Today the numbers of g u l l s are f a r lower having been 
subjected t o a c u l l i n g programme by the R.S.P.B. who own the 
i s l a n d . Yet, more i m p o r t a n t l y there are no ground predators 
on the i s l a n d and, moreover, the i s l a n d i s closed t o the 
general p u b l i c thus minimising disturbance of the inc u b a t i n g 
females. I n the r e s u l t s s e c t i o n I r e f e r t o egg loss as being 
l e s s than 10% however the f i g u r e i s probably closer t o 2 or 
3% 
Apparently Coquet Island's only short-coming as 
f a r as egg s u r v i v a l i s concerned i s a lack of vegetative 
cover, which has been shown t o increase predation (Lewis, 
1959; Choate, 1967). However, Bourget (1970) managed t o 
overcome t h i s problem by p r o v i d i n g a r t i f i c i a l s h e l t e r s 
thereby doubling nesting success. 
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DUCKLING MORTALITY 
The f i g u r e of 94% d u c k l i n g m o r t a l i t y by 1 August 
i s h i g h , moreover t h i s f i g u r e w i l l i n e v i t a b l y increase 
be f o r e the remaining b i r d s fledge, and r i s e f u r t h e r before 
they reach breeding s t a t u s i n two years time. However such a 
l e v e l o f m o r t a l i t y i s common t o many s i m i l a r studies on 
E i d e r s . Indeed Vermer (1968) noted a death r a t e of 100%, 
w h i l e Swennen (1989) noted t h a t : 
" Up t o 99% of ducklings may disappear during the 
f i r s t 10 days a f t e r hatching." 
Mendenhall & Milne (1985) i n t h e i r 13 years of 
study i n N.E.Scotland showed s u r v i v a l from hatching t o 
f l e d g i n g averaged 10.4%. While work by Swennen, Duiven & 
Reyrink (1979) on V l i e l a n d i n d i c a t e d t h a t : 
" I n the years 1975 - 1977 the m o r t a l i t y rate due 
t o n a t u r a l causes exceeded 98%. I n 1978 m o r t a l i t y was 
n o t i c e a b l y lower, down t o about 70%." 
This, i n t u r n , h i g h l i g h t s another c h a r a c t e r i s t i c 
f e a t u r e of Eider d u c k l i n g m o r t a l i t y . While i n most years, as 
i n the present study, s u r v i v a l i s b a r e l y enough or i s 
a c t u a l l y i n s u f f i c i e n t t o replace the annual loss t o adult 
m o r t a l i t y (10.5% around Coquet (Coulson, 1984); 20% i n 
Denmark (Paludan, 1962); 39% i n N.W.Europe (Boyd, 1962)), 
o c c a s i o n a l l y there are 'good' years i n which a high 
33 
p r o p o r t i o n of ducklings s u r v i v e . As Mendenhall & Milne 
(1985) found f l e d g i n g success v a r i e d from 0.5 t o 55% between 
1961 - 1974. 
The primary cause of duck l i n g m o r t a l i t y has, i n 
most instances, been found t o be large g u l l predation 
( p r i n c i p a l l y H e r r i n g and Great Black-backed G u l l s ) . For 
inst a n c e Mendenhall & Milne (1985) found t h a t predation, 
l a r g e l y by H e r r i n g G u l l s , accounted f o r 96% of a l l m o r t a l i t y 
i n 1974; f o r Vermer (1968) the f i g u r e was 100% and s i m i l a r 
f i n d i n g s have been made by Mennes & Swennen (1976) and 
Swennen et a l (1979). 
Thus, although l i t t l e d i r e c t evidence of g u l l 
p r e d a t i o n i s a v a i l a b l e i n t h i s study (only 4 instances of 
H e r r i n g G u l l s (Larus arqentatus) and Great Black-back Gulls 
{Larus marinus) swooping unsuccessfully on groups of 
d u c k l i n g s ) , i t seems l i k e l y from the magnitude and t i m i n g of 
the m o r t a l i t y (almost e x c l u s i v e l y i n age category 1) , t h a t 
t h i s was i n f a c t the cause. 
Recent work by Swennen (1989) i n the Netherlands, 
however, suggests g u l l p r e d a t i o n i s merely a proximate 
r e f l e c t i o n o f the moribund s t a t e of ducklings, a s t a t e 
u l t i m a t e l y caused by s t a r v a t i o n . As the ducklings weaken 
through lack of food they become less responsive t o t h e i r 
guardians alarm c a l l s , spread out more while feeding, and so 
become more s u s c e p t i b l e t o pr e d a t i o n . 
As the ducklings grow the range of food they can 
handle increases, thus they f i n d i t i n c r e a s i n g l y easy t o 
avoid s t a r v a t i o n . Moreover t h e i r increased size i n i t s e l f 
makes p r e d a t i o n less l i k e l y . Consequently the predation and 
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m o r t a l i t y r a t e drops through the season (Mendenhall & Milne, 
1985), a p a t t e r n c l e a r l y seen i n t h i s study i n Figure 6. 
M o r t a l i t y due t o other causes i s , per force, 
r e l a t i v e l y r a r e although Mendenhall & Milne (1985) d i d f i n d 
t h a t : 
" 25 - 40% of m o r t a l i t y d u r i n g the second week of 
l i f e was from r e n a l c o c c i d i o s i s Eimeria somateriae" 
and al s o t h a t a l l dead b i r d s aged between 5 and 18 days had 
severe kidney damage as a r e s u l t of the disease. 
Swennen (1989) found p h y s i c a l wounds and 
e c t o p a r a s i t e s on less than 1% of ducklings and thus these 
may be dismissed as s i g n i f i c a n t causes of death i n the 
present study, and while Mendenhall and Milne (1985) found a 
c o r r e l a t i o n between poor weather and death r a t e i t seems 
l i k e l y t h a t the former has i t s e f f e c t through the medium of 
s t a r v a t i o n , and hence predation, by making f o r a g i n g more 
d i f f i c u l t . 
I n the case of the Coquet I s l a n d p opulation, the 
average s u r v i v a l r a t e of ducklings needs t o be higher than 
i n 1990 i f the po p u l a t i o n i s going t o be sustained. The 
p o s s i b i l i t y t h a t feeding s i t e s f o r ducklings have 
d e t e r i o r a t e d or become too small needs i n v e s t i g a t i n g . 
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DUCKLING GROUPS & CRECHES 
Creches are a w e l l known f e a t u r e of eider duck 
ecology. They form s h o r t l y a f t e r nest exodus and may l a s t 
u n t i l f l e d g i n g , although exchange of ducklings has been 
observed both i n t h i s study and others (Munro & Bedard, 
1977; Swennen, 1989). The encounters which lead t o creche 
f o r m a t i o n may be caused by alarm, p r e d a t i o n or simply the 
mutual a t t r a c t i o n of the ducklings (Munro & Bedard, 1977) , 
The concensus i s t h a t t h i s behaviour leads t o a d i s t i n c t 
s u r v i v a l advantage f o r the ducklings (Munro, 1975; 
Patterson, Gilboa & Tozer, 1982). 
Swennen (1989) found t h a t between good and bad 
years f o r d u c k l i n g s u r v i v a l the average number of young per 
attendant female dropped from 3.3 t o 2.1. I n t h i s study, a 
bad year, the f i g u r e i s 2.6. However t h i s f i g u r e includes 
fewer s i g h t i n g s of older duckling groups due t o lack of time 
a v a i l a b l e f o r c o l l e c t i n g f i e l d data. Older d u c k l i n g groups 
are s i g n i f i c a n t l y smaller than younger d u c k l i n g groups, and 
hence the 2.6 f i g u r e i s a r t i f i c i a l l y high. 
The drop i n mean group size between each 
successively o l d e r age category of ducklings suggests t h a t 
the m o r t a l i t y of the ducklings i s of o v e r - r i d i n g importance 
i n determining group size, and t h a t there i s no optimum 
group siz e which ducklings s t r i v e t o a t t a i n . I t i s also i n 
accord w i t h Munro & Bedard (1977) who found t h a t as 
duck l i n g s get older they show greater aggression t o f o r e i g n 
d u c k l i n g s , thus preventing f u r t h e r creche formation. 
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Moreover they suggest t h a t once creches are es t a b l i s h e d i n 
the r e a r i n g area they have "remarkable s t a b i l i t y " . 
The drop i n mean dependency r a t i o between each 
successive age category r e f l e c t s the i n c r e a s i n g aggregate 
m o r t a l i t y of ducklings over time. There was no evidence of 
females j o i n i n g groups as the l a t t e r aged ( a t o t a l of 216 
females attended the f i r s t 100 group s i g h t i n g s ; a t o t a l of 
200 attended the l a s t 100 group s i g h t i n g s ) . 
OTHER ASPECTS OF DUCKLING ECOLOGY 
By and l a r g e the r e l a t i o n s h i p s found have simple 
e x p l a n a t i o n s . The observed increase i n feeding i n deeper 
water as the ducklings age p o i n t s t o them overcoming 
p h y s i o l o g i c a l b a r r i e r s t o d i v i n g , presumably at about the 
age o f 2 - 3 weeks they develop the s t r e n g t h t o overcome 
t h e i r n a t u r a l buoyancy. C l e a r l y the a b i l i t y t o feed by 
d i v i n g i n deep water obviates the need t o feed by dabbling 
i n shallow water. 
S i m i l a r l y the greater p r o p e n s i t y f o r r e s t i n g at 
high t i d e simply demonstrates the excl u s i o n of ducklings 
from t h e i r feeding grounds by the f l o o d i n g t i d e , t h i s 
e s p e c i a l l y being the case i n Amble harbour where the whole 
of t he mudflats are covered at high t i d e . Why ducklings 
should choose t o feed more than expected on land around 
m i d - t i d e i s not so obvious, although i t i s l i k e l y t h a t i t 
r e f l e c t s the r e l a t i v e ease w i t h which c e r t a i n types of food 
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may be acquired when covered w i t h water or exposed, and the 
d i s t r i b u t i o n of those food types between low and high t i d e . 
The observed increase i n feeding i n shallow water 
as sea surface c o n d i t i o n s roughen c l e a r l y p o i n t s t o the 
increased cost, i n terms of energy i t r e q u i r e s , of feeding 
i n d i f f i c u l t c o n d i t i o n s . A s i m i l a r argument can be used t o 
e x p l a i n why t h e r e i s less open water swimming i n rougher sea 
c o n d i t i o n s . 
The behaviour of the ducklings while feeding was 
not q u a n t i t a t i v e l y s t u d i e d f o r t h i s r e p o r t , however some 
q u a l i t a t i v e comparisons w i t h other workers f i n d i n g s may be 
made. Swennen (1989), working on the i n t e r t i d a l f l a t s around 
the West F r i s i a n i s l a n d s , found t h a t at high t i d e the 
d u c k l i n g s and t h e i r guardian females r e s t close t o the 
water, at low t i d e appearing, t o forage over the f l a t s . 
S i m i l a r l y , i n Amble harbour the ducklings only fed at low 
t i d e . At high t i d e t h e i r whereabouts were g e n e r a l l y unknown 
although on two occasions ducklings could be seen r e s t i n g i n 
the saltmarsh v e g e t a t i o n above the high water mark t o the 
n o r t h of the main channel. 
Swennen (1989) also noted t h a t the ducklings feed 
independently of the attendant females' behaviour. I n the 
present study although the ducklings d i d o c c a s i o n a l l y feed 
when the a d u l t s d i d not, the l a t t e r were always i n close 
attendance and r a r e l y , and then only f o r short periods, d i d 
the author observe the young t o be out of the water while 
attendant females were swimming or v i c e versa. 
38 
ADULT FEEDING 
Although no ana l y s i s of d i e t was c a r r i e d out f o r 
t h i s study i t seems t h a t , from previous research, the adult 
Eider i s co n s t r a i n e d more by what i s a v a i l a b l e than by any 
d i e t a r y s p e c i a l i s a t i o n . Cramp et al (1977) l i s t M y t i l u s 
edulis, Littorina spp., crabs, Echinoderms, f i s h and 
Herr i n g ' s eggs, t o which may be added algae, Gammarus 
oceanicus, Nereis virens (Cantin, Bedard & Milne, 1974) and 
f i s h i n g o f f a l ( C a v a l l i n i , 1988). 
Cantin, Bedard & Milne's (1974) study of Eiders i n 
the St. Lawrence estuary shows how the d i e t of those females 
a t t e n d i n g ducklings changes over the summer season. In May 
40% o f the d i e t i s Herring eggs, w i t h some Nereis virens and 
some algae also taken. Later t h a t month and i n t o June, 
Nereis becomes the dominant item while Littorina spp. and 
amphipods appear i n the d i e t . By the end of June Herring 
eggs have disappeared from the d i e t and Nereis spp. i s s t i l l 
more im p o r t a n t . F i n a l l y by l a t e July Littorina spp. 
dominates the d i e t and amphipods also increase i n 
importance. 
The p a t t e r n of peaks i n feeding a c t i v i t y at low 
t i d e (Figs.7 & 8) concurs w i t h previous research (Bent, 
1925; M a r r i o t , 1966; Player, 1971; Minot, 1980) who report 
t h a t : 
" I n areas where the t i d a l range i s large the 
a c t i v i t y rhythms of Eiders have been reported t o be s t r o n g l y 
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t i d e dependent." ( C a v a l l i n i , 1988) 
I n t h i s p a r t i c u l a r study t h i s p a t t e r n c l e a r l y 
r e f l e c t s the i n c r e a s i n g a c c e s s i b i l i t y of the b i r d s ' feeding 
grounds ( s h e l l f i s h r i c h rocks and rock-pools) as the t i d e 
f e l l . No concurrent p a t t e r n of feeding associated w i t h the 
time of day was found. Thus i n t h i s instance of the two 
f a c t o r s 'need t o feed' and 'ease of feeding' the l a t t e r i s 
o f o v e r r i d i n g importance. 
Milne (1963) and Gorman (1970a) found a s i m i l a r 
s i t u a t i o n i n the Ythan estuary where the Eiders fed on the 
mussel beds at the seaward end of the estuary at low t i d e 
and roosted at high t i d e . 
ADULT DISTRIBUTION 
The i n c r e a s i n g numbers of adult b i r d s towards 
Coquet I s l a n d (Fig. 9) r e f l e c t s i t being the main breeding 
c e n t r e i n the area. 
The b l i p s i n t h i s t r e n d i n the "Sandy Shore" area. 
Amble harbour, and Coquet I s l a n d i t s e l f (sections 7, 10 & 12 
F i g . 9) can be ascribed t o u n s u i t a b i l i t y of h a b i t a t i n the 
former two cases i . e . sand and mud r e s p e c t i v e l y , and i n the 
l a t t e r case t o the d i s t a n c e separating the observer from the 
b i r d s and the topography of the i s l a n d . 
The conclusion I t h a t mud i s a sub-optimal feeding 
h a b i t a t f o r a d u l t b i r d s suggests t h a t those females 
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a t t e n d i n g ducklings i n Amble harbour are under some s t r e s s . 
This may indeed be the case, however i n terms of t h e i r 
l i f e t i m e c o n t r i b u t i o n t o the species gene pool, the attempt 
t o ensure t h a t t h e i r ducklings survive by t a k i n g them t o 
t h e i r p r e f e r r e d feeding h a b i t a t , may represent optimal 
behaviour. The f a c t t h a t not a l l ducklings are taken t o 
Amble harbour suggests t h a t beyond a c e r t a i n p o pulation 
l e v e l competition between ducklings reduces the area's 
p r o f i t a b i l i t y . Furthermore, beyond a c e r t a i n age, the 
d u c k l i n g s ' i n c r e a s i n g breadth of d i e t means t h a t the harbour 
i s no longer the optimal feeding h a b i t a t . 
I t seems l i k e l y t h a t the recorded drop i n a d u l t 
numbers at Silver/Bondi and Hadston Carrs r e f l e c t s the f a c t 
t h a t the areas were lower r e l a t i v e t o sea l e v e l and so 
p r o v i d e d less o p p o r t u n i t y f o r feeding and r e s t i n g , and hence 
were less a t t r a c t i v e t o the Eiders. Furthermore i t seems 
probable t h a t much of the r e s t of the v a r i a t i o n i n numbers 
between c o a s t a l sections can be put down t o s p a t i a l (Table 
1) and temporal h a b i t a t r e s t r i c t i o n . 
The numerical dominance of males during the breeding 
season ( F i g . 9) simply p o i n t s t o the females' r o l e i n egg 
i n c u b a t i o n . Amble harbour, i n being an exception t o t h i s 
confirms i t s use as a nursery f o r young ducklings (only 
a d u l t females attend the ducklings) , the case of the area 
around Wellhaugh Point though i s harder t o e x p l a i n . Figure 3 
i l l u s t r a t e s t h a t the area i s amongst those most favoured by 
o l d e r d u c k l i n g s , however the numbers of adult females seen 
f a r exceeds those d i r e c t l y associated w i t h d u c k l i n g groups. 
Moreover wh i l e the nearby Amble sewage o u t f a l l i s a feature 
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t h a t d i s t i n g u i s h e s t h i s p a r t of the study area, there i s no 
reason t o suspect t h a t t h i s i n any way d i r e c t l y 
d i f f e r e n t i a t e s between males and females. What seems most 
l i k e l y i s t h a t the presence of ducklings and t h e i r 
associated female guardians f o r some reason a t t r a c t s other 
females. I t i s notable also t h a t i n general the male and 
female b i r d s formed s i n g l e sex f l o c k s even a f t e r the numbers 
of females on shore began t o r i s e towards the end of the 
breeding season. Thus once a l a r g e l y female f l o c k had become 
e s t a b l i s h e d , i n one p a r t i c u l a r area, then the imbalance 
became s e l f p e r p e t u a t i n g . 
ADULT SEX RATIOS & POPULATION FLUCTUATION 
The co i n c i d e n t maximum sex r a t i o (male/female) and 
minimum po p u l a t i o n p o i n t t o the females' r o l e as incubators, 
which on the basis of Figures lOa-c must have reached i t s 
peak i n the l a s t week of May (probably between the 25th and 
29th) . This t i e s up w i t h counts of s i t t i n g females c a r r i e d 
out by the Coquet I s l a n d warden who achieved a maximum of 
376 on 29 May. One week e a r l i e r (22/5) the f i g u r e had been 
358, w h i l s t a week l a t e r (6/6) i t was only 303, suggesting 
t h a t the a c t u a l peak lay between 22 and 29 May. 
The drop i n female numbers o u t l i n e d above has, i n 
other studies (Milne, 1974), been used as a measure of the 
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f a c t t h a t some females have f i n i s h e d i n c u b a t i n g before the 
l a t e s t ones begin, thus both are low compared to the f i g u r e 
of 420 p a i r s c a l c u l a t e d on the b a s i s of the s i t t i n g female 
counts i n c o n j u n c t i o n with a c o n s i d e r a t i o n of the incubation 
p e r i o d . 
F i g u r e s lOa-c a l s o record a drop i n the number of males 
contemporaneously with the drop i n female numbers, t h i s 
r e f l e c t s the males' r o l e i n p r o t e c t i n g the nest and the 
female while the l a t t e r i s l a y i n g . T h e r e a f t e r the female 
remains alone a t the nest (Cramp, 1977). 
The d i f f e r e n c e s between the two h a l v e s of the study area 
can probably be explained by t h e i r r e l a t i v e d i s t a n c e from 
the breeding c e n t r e on Coquet I s l a n d . For i n s t a n c e the 
g e n e r a l l y lower male/female sex r a t i o i n the south 
presumably r e f l e c t s the g r e a t e r number of females one would 
expect to see c l o s e r to the breeding grounds, and i t may be 
t h a t as the females (and ducklings) leave the i s l a n d at 
l e a s t some of the males are forced to leave the immediate 
area as competition f o r food i n c r e a s e s . This reduces the 
male/female r a t i o i n the southern h a l f of the study area but 
Jceeps i t higher f o r longer i n the northern h a l f (see F i g s . 
10a,b). 
The o v e r a l l sex r a t i o , f o r the l o c a l population, outside 
the i n c u b a t i o n period, of 1.17 (1.16 Coulson, 1984) has 
comparisons elsewhere. Milne (1974) on the Ythan estuary 
found that^^males c o n s t i t u t e d ,52.4 - 55.3% of the population 
b e t w ^ l i 1961 and 1970 (ma'le/female r a t i o = " 1-24). 
^ F i g u r e s i n t h e ' ^ r e a from the Wadenzee-to the B a l t i c vary 
enormously trom females dominating i n the r a t i o 63:37 i n the 
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LOafb) 
The o v e r a l l sex r a t i o f o r the l o c a l population, 
o u t s i d e the i n c u b a t i o n period, of 1.17 (1.16 Coulson, 1984) 
has comparisons elsewhere. Milne (1974) on the Ythan estuary 
found t h a t males c o n s t i t u t e d 52.4 - 55.3% of the population 
between 1961 and 1970 (male/female r a t i o = 1.10 - 1.24). 
F i g u r e s i n the area from the Wadenzee to the 
B a l t i c vary enormously from females dominating i n the r a t i o 
63:37 i n the s m a l l V a l a s s a a r e t colony (Hilden, 1964); to 
e q u a l i t y i n the V l i e l a n d population (Hoogerheide & 
Hoogerheide, 1958)/ to a male domination of 55:45 i n the 
Waddenzee i n winter (Swennen, Duiven & Reyrink, 1979). 
However when the Baitic/Waddenzee population i s 
c o n s i d e r e d as a whole: 
"...the f i g u r e s seem to i n d i c a t e a s l i g h t 
dominance of males (55 - 6 0 % ) . " 
i . e . 1.22 - 1.50 males f o r every female. 
I t i s proposed by Swennen, Duiven & Reyrink (1979) 
t h a t t h i s imbalance s e t s i n while the b i r d s are s t i l l 
d u c k l i n g s , when i t appears females are more s u s c e p t i b l e to 
d i s e a s e than males. I n the V l i e l a n d colony, of 1134 captured 
d u c k l i n g s aged 6 - 9 weeks, 54.2% were male a f t e r the sex 
r a t i o a t h a t c h i n g was shown to be not s i g n i f i c a n t l y 
d i f f e r e n t from u n i t y . 
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APPENDIX 1: STUDENT T-TEST ANALYSES. 
(I n a l l cases data logged to normalise d i s t r i b u t i o n ) 
MEAN DUCKLING GROUP SIZE V. AGE CATEGORY 
Age Categories Mean t - v a l u e D.o.F. p 






3.28 65.5 0.0017 
5.27 271.7 0.0000 
2.82 20.3 0.011 
MEAN DEPENDENCY RATIO V. AGE CATEGORY 
Age Categories Mean t- v a l u e D.o.F. p 
l a 1.192 






3.42 220.5 0.0007 
1.71 17.3 0.10 
APPENDIX 2: CHI-SQUARED ANALYSES 






































23 3 Observed 
36.401 6.196 Expected 
4.93 1.65 Chi-sq. 
0 1 Observed 
7.066 1.203 Expected 
7.07 0.03 Chi-sq. 
24 3 Observed 
7.280 1.239 Expected 
38.40 2.50 Chi-sq. 
24 6 Observed 
22.055 3.754 Expected 
0.17 1.34 Chi-sq. 
23 3 Observed 
21.198 3.608 Expected 
0.15 0.10 Chi-sq. 
CHI-SQUARED = 76.57 D.o.F. = 1 2 p < 0.001 
ACTIVITY V. AGE CATEGORY ( I n d i v i d u a l Ducklings) 
l a l b 2 3 
Feeding 150 836 • 58 4 Observed 
(shallow 132. 067 769 .941 131. 618 14 . 375 Expected 
water) 2. 44 5 .67 41. 18 7. 49 Chi-sq. 
Feeding 24 266 0 1 Observed 
(on land) 36. 671 213 .791 36. 546 3. 991 Expected 
4. 38 12 .75 36. 55 2. 24 Chi-sq. 
Feeding 0 27 98 10 Observed 
(deeper 17. 012 99 .181 16. 955 1. 852 Expected 
water) 17. 01 52 .53 387. 40 35. 85 Chi-sq. 
Preening/ 47 311 73 11 Observed 
R e s t i n g 55. 700 324 .727 55. 511 6. 063 Expected 
1. 36 0 .58 5. 51 4 . 02 Chi-sq. 
Swimming/ 73 274 64 6 Observed 
Walking 52. 550 306 .360 52. 371 5. 720 Expected 
7. 96 3 .42 2. 58 0. 01 Chi-sq. 
CHI-SQUARED 630.93 D.o.F. = 1 2 p < 0.001 
ACTIVITY v. TIME RELATIVE TO LOW TIDE (Duckling Groups) 
(Time i n hours.minutes) 
0-0 .59 1-1. 59 2-2.59 3-3.59 
Feeding 61 41 24 16 Observed 
(shallow 60 .376 41. 289 23.371 16.749 Expected 
water) 0 . 1 01 0. 00 0.02 0.03 Chi-sq. 
Feeding 13 5 9 4 Observed 
(on land) 11 . 651 7. 968 4.510 3.232 Expected 
0 .16 1. 11 4 .47 0.18 Chi-sq. 
Feeding 13 14 3 3 Observed 
(deeper 12 .005 8. 210 4.647 3.330 Expected 
water) 0 .08 4. 08 0.58 0.03 Chi-sq. 
Preening/ 34 20 14 10 Observed 
R e s t i n g 36 .367 24. 870 14.077 10.089 Expected 
0 .15 0. 95 0.00 0.00 Chi-sq. 
Swimming/ 34 26 10 10 Observed 
Walking 34 .601 23. 663 13.394 9. 600 Expected 
0 .01 0. 23 0.86 0.02 Chi-sq. 
4-4 .59 5-5. 59 6.00 + 
Feeding 12 12 5 Observed 
( s h a l l o w 12 .465 11. 296 5.453 Expected 
water) 0 .02 0. 04 0.04 Chi-sq. 
Feeding 1 1 0 Observed 
(on land) 2 .405 2. 180 1.052 Expected 
0 .82 0. 64 1.05 Chi-sq. 
Feeding 0 1 0 Observed 
(deeper 2 .478 2. 246 1.084 Expected 
water) 2 .48 2. 45 1.08 Chi-sq. 
Preening/ 8 10 7 Observed 
R e s t i n g 7 .508 6. 804 3.285 Expected 
0 .03 1. 50 4 .20 Chi-sq. 
Swimming/ 11 5 2 Observed 
Walking 7 . 144 6. 474 3.125 Expected 
2 .08 0. 34 0.41 Chi - s q . 
CHI-SQUARED = 28.39 D.o.F. = 2 4 p > 0.10 
ACTIVITY v. TIME RELATIVE TO LOW TIDE ( I n d i v i d u a l s ) 
(Time i n hours.minutes) 
0-0.59 1-1.59 2-2.59 3-3.59 
Feeding 
































Feeding 4 6 44 9 32 Observed 
(deeper 51.095 27.775 21.294 15.508 Expected 
water) 0.51 9.48 7.10 17.54 Chi-sq. 
Preening/ 120 93 








Swimming/ 161 102 








4-4.59 5-5.59 6.00 + 
Feeding 







































































CHI-SQUARED = 327.06 D.o.F. = 2 4 p < 0.001 
ACTIVITY v. SEA SURFACE CONDITIONS (Duckling Groups) 
Feeding 







































































CHI-SQUARED = 29.30 D.o.F. = 1 2 p < 0.001 
ACTIVITY V. SEA SURFACE CONDITIONS ( I n d i v i d u a l s ) 
FLAT SLIGHT MODERATE ROUGH 
Feeding 














Pre e n i n g / 119 





282 126 43 Observed 
290. 458 110. 174 20. 747 Expected 
0. 25 2. 27 23. 87 Chi-sq. 
92 60 0 Observed 
98. 424 37. 333 7. 030 Expected 
0. 42 13. 76 7 . 03 Chi-sq. 
62 3 0 Observed 
60. 445 22. 928 4. 318 Expected 
0. 04 17. 32 4. 32 Chi-sq.^ 
167 89 10 Observed 
205. 942 78. 116 14 . 710 Expected 
7. 36 1. 53 1. 51 Chi-sq. 
209 30 5 Observed 
156. 730 59. 449 11. 195 Expected 
17. 43 14 . 59 3. 43 Chi-sq. 
^ D = 161 .39 D. o.F. = 12 P < 0.001 
APPENDIX 3: FEEDING INDEX DATA 
DATE: 9/5/90 LOW TIDE: 0959 HIGH TIDE: 1554 
TIME FEEDING INDEX 
0530 - 0630 40 
0730 - 0830 71 
0930 - 1030 176 
1130 - 1230 115 
1330 - 1430 30 
1530 - 1630 18 
1730 - 1830 42 
1930 - 2030 63 
DATE: 10/5/90 LOW TIDE: 1030 HIGH TIDE: 1629 
TIME FEEDING INDEX 
0530 - 0630 RAIN 
0730 - 0830 65 
0930 - 1030 185 
1130 - 1230 95 
1330 - 1430 32 
1530 - 1630 21 
1730 - 1830 47 
1930 - 2030 65 
DATE: 13/5/90 LOW TIDE: 1206 HIGH TIDE: 1817 
TIME FEEDING INDEX 
0530 - 0630 FOG 
0730 - 0830 59 
0930 - 1030 78 
1130 - 1230 182 
1330 - 1430 76 
1530 - 1630 31 
1730 - 1830 19 
1930 - 2030 49 
DATE: 16/5/90 LOW TIDE: 1414 HIGH TIDE: 0742 

























DATE: 18/5/90 LOW TIDE: 1619 HIGH TIDE: 0940 

























DATE: 20/5/90 LOW TIDE; 0600 
1831 
HIGH TIDE: 1155 
TIME FEEDING INDEX 
0530 - 0630 
0730 - 0830 
0930 - 1030 
1130 - 1230 
1330 - 1430 
1530 - 1630 
1730 - 1830 









DATE: 22/5/90 LOW TIDE: 0757 
2025 
HIGH TIDE: 1349 
TIME FEEDING INDEX 
0530 - 0630 
0730 - 0830 
0930 - 1030 
1130 - 1230 
1330 - 1430 
1530 - 1630 
1730 - 1830 









APPENDIX 4: SEX RATIO AND POPULATION FLUCTUATIONS 
(HADSTON CARRS - BIRLING CARRS) 
DATE MALES FEMALES IST YEARS TOTAL SEX RATIO 
15/5 414 204 7 625 2.06 
23/5 370 86 4 460 4.35 
25/5 338 71 10 419 4.90 
27/5 346 94 3 443 3.71 
29/5 237 69 5 311 3.51 
31/5 245 90 3 338 2.76 
3/6 227 86 4 317 2.69 
6/6 456 113 4 573 4.07 
8/6 470 145 7 622 3.29 
11/6 385 172 3 557 2.25 
13/6 380 145 8 533 2.68 
16/6 440 213 6 659 2.09 
19/6 545 235 4 784 2.34 
22/6 518 230 2 750 2.26 
26/6 476 319 4 799 1.50 
28/6 420 259 2 681 1.63 
1/7 390 307 3 700 1.28 
3/7 421 337 3 761 1.26 
6/7 329 376 2 707 0.88 
9/7 342 335 5 682 1.04 
11/7 289 209 1 499 1.39 
1/8 221 117 - 338 1.89 
(ALNMOUTH - CRASTER) 
DATE MALES FEMALES IST YEARS TOTAL SEX RATIO 
12/5 195 70 4 269 2.84 
19/5 302 80 6 388 3.85 
26/5 255 32 1 288 8.00 
30/5 328 56 4 388 5.93 
1/6 312 60 5 377 5.28 
4/6 329 83 3 415 4.00 
7/6 234 51 2 287 4.63 
10/6 264 57 2 323 4.67 
12/6 437 52 3 492 8.46 
15/6 357 72 5 434 5.03 
18/6 411 88 4 503 4.72 
21/6 338 104 0 442 3.25 
25/6 360 97 4 461 3.75 
27/6 429 99 4 532 4 .37 
29/6 478 114 9 601 4 .27 
2/7 455 76 4 535 6.04 
5/7 375 79 4 458 4.80 
8/7 533 106 4 ,643 5.07 
10/7 478 61 1 540 7.85 
1/8 314 339 - 653 0.926 
(OVERALL) 
DATE MALES FEMALES IST YEARS TOTAL SEX RATIO 
15/5 655 278 12 945 2.40 
23/5 645 139 7 791 4.69 
25/5 600 110 12 722 5.56 
27/5 619 132 5 756 4.73 
29/5 547 119 8 674 4.66 
31/5 565 148 8 721 3.87 
3/6 550 161 8 719 3.47 
6/6 722 175 6 903 4.16 
8/6 714 198 9 921 3. 65 
11/6 736 225 6 967 3.30 
13/6 790 204 12 1006 3.93 
16/6 815 290 11 1116 2.85 
19/6 932 328 7 1267 2.86 
22/6 862 332 3 1197 2.61 
26/6 871 417 8 1296 2.11 
28/6 874 366 9 1249 2.41 
1/7 853 392 9 1254 2.20 
3/7 849 414 7 1270 2.07 
6/7 757 464 6 1227 1. 64 
9/7 848 419 8 1275 2.04 
1/8 535 456 - 981 1.17 
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